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Oxygen Exchange Reaction between CO,—CO Gas and Molten Oxide Containing Iron Oxide

Xiaojun Hu, Hiroyuki MATSURA and Fumitaka TSUKIHASHI

Synopsis : Oxygen exchange reaction rates between CO,~CO gas and molten oxides containing iron oxide have been measured by isotope exchange
technique with '*O at 1773K with Pco/Peo=1. Measured results represent that the oxygen exchange reaction rates show the maximum val-
ues at the beginning of the reaction ana sharply decrease within approximately 20s, and then gradually decrease with the reaction time pro-
ceeds. These changes indicate that the rate-limiting step would change from the dissociative adsorption of oxygen on the surface of molten

oxide in the initial stage of reaction to the mass transfer of oxide ion from the surface to the inside of molten oxide in the following stage.

Based on the kinetic analysis of the oxygen exchange process, CO, dissociation rate constant, CO, re-formation rate constant and the mass
transfer coefficient of oxide ion in molten oxides were calculated for the FeO,—CaO and FeO,~SiO, systems. Addition of CaO and SiO, to
molten oxide increases and decreases the oxygen exchange reaction rate, respectively.

Key words: oxygen exchange reaction; kinetics; isotope exchange technique; CO, dissociation; CO, re-formation; mass transfer.

wE

FRETBRIGRI B T L 4 5 CO,-CO H R LAl ek % &
LSRR AL & ORI ROSHER O RIIZ I 5 5 & U
ALY IZ B 1T 2 Rk SOt b KOBEHEZICHET 5
e DHEZOBMBRIMBETHH I L ZELHMMEN TS,
UL, LERIGEE & S b K ORiEHIZ 60 28
MBS L IR EL B 5720, R2RORIBEHIZTT 3
e RE Az IEREIZALR 95 Z L 3N TH 5, BEE,
TE R ARAET DL & Mk % 25 BTk & O T E R BN R B -
BN e BUS HMIC I 2 h B, FRIZ, MCO, COH A
R BCO,~CO H A % Bl 72 [AA A 28 48 &i%bﬁm
ﬂ@m%ﬁmiﬁubwécqacomﬁ@ﬁﬁm?&

IGEREDORE G T, Z<OHBLMBRABE LA T
5 l—IO)o
AL D 3BTl , PO %R & A2 0, CO, HOB KU

CON ZAzAWT, EREGEL L OBt 4 & O iR
2B 3R TOMmRZHERICHEHEONRICHW O T X
72110, —ERDWFRHF IZBIER I IZ B 1T 2 BRE R’
{LYNETOBEOIRMDONIRMBRED LR L L I
D, TORELERTBILENH DI L EBITH

é 12)0
IR 20T, FHSIXP0E2ELCO,COH A LA

AL $k & O R D EE R ARSI % 1723~ 1823K B K O
4 O Poo /Poo REIRTHIE L, CO, o i RO 8 7 2
CO, AR IS 2R 1 iﬁbiomm&m%$_b%6&m
WA x v OWBEREEREU I JIETURE & P /Poo DRE
RO IZUL Tz,

R TIE, S & BRI LR OB 3R 284 SUSAEE 2
o257, Box®ILL 72CO,H 2 % & COm-
CO # 212 & B B RZE RN E %2 VT CO,-COH X &
FRAb 8k & & T VA RO AL P S 0D B SR 28 48 RIS R & MIE L
oo FEERIZ1TI3K, Poo/Poo=1 D FZH K TITLVY, FeO,~
Cﬂhi@%O&@%Mﬁ%%ﬁ“ﬂof A R & BT
T3 72912, Rt RIG E EmE Lt iZ 3 o 58y
41/@%’5%@1 ZE L -RIDEEXERE L2, )b
HERIIH DWW T COo, H R IRIEHEER, CO,FERKIG
EEE&%&@@@M%%*@@W@%%V@%E%@@

BEIEL, ZhoomEEic 139 ERER LY\ Ca0
¥ & USSi0, RO B2 owf&ﬂbto

35S 1 1SU Int., Vol. 46 (2006), No. 7, pp. 974-980

FRI8H 11 H6 HZF T 18412 H21 HZ# (Received on Nov. 6, 2006; Accepted on Dec. 21, 2006; originally published in ISIJ Int., Vol. 46, 2006, No. 7, pp.

974-980)

s HPEHERRHCR RS U4 R TR 5% (Department of Physical Chemistry, School of Metallurgical and Ecological Engineering, University of Science and

Technology Beijing, Beijing 100083 China)

* 2 BOUREER AR A AR = I 28R R % UK (Department of Advanced Materials Science, Graduate School of Frontier Sciences, The University of Tokyo, 5-1-5

Kashiwanoha, Kashiwa, Chiba 277-8561 Japan)

341 I



I 342

$% & 8H  Tetsuto-Hagané Vol. 93 (2007) No. 5

Gas mixture

Flowmeter Dual wavelength

pyrometer .77
Mg(ClO,), &
Sode lime P

H,50,

(CO™0:7.71%)

= = (C0,:0.18%)
co  co,

Ar

outdoor

! Alumina tube

(ID 4mm and ID 16mm)

L Silica tube (ID 45mm)

2;'/ Sample (5g)
O— Coil

Platinum crucible
(OD 23mm, Depth 8mm)

Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. The computed and measured isotopic composi-
tions of CO, gas enriched '*0.

Mass Isotopic species ("‘Of:(;) g‘f(;]i‘:)dom) Measured
44 >C"0, 0.9073+0.0019 0.9099
45 3¢, 0.0098

200 0.0007
Total 0.0105 0.0101
46 2C'%0"0 0.0795+0.0018
Bc%0"0 7.48%107°
20, 1.32x1077
Total 0.0795+0.0018 0.0771
47 C*0'"%0 0.0009
2C0'%0 3.03x107°
3¢, 1.42x107°
Total 0.0009 0.0009
48 12cto, 0.0017+0.0001
BC0"%0 3.28x1077
Total 0.0017+0.0001 0.0018
49 %0, 1.88x10°° 0.0002
FEEIAEZME L, FENERFALIZE DO TRANFIC

FEL T3 ENE L BACEE S 3 RALEROfFE
AL L 72, BHEICEOW - BIMN R 12C: 0.9893,
13C: 0.0107, '°0: 0.95767, '70: 0.00036, '*0: 0.040 TH % '9,
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Fig. 2. A typical mass spectrometric result for oxygen ex-
change reaction (Exp. No.: F-0).
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Fig. 3. The oxygen exchange reaction rates for the
FeO ~CaO system at 1773K with CO,/CO=1.0.

V' APyt Fgt2Ey)
RT At
v .
= 72"7? {(Pygt+ Pig+2Pg)" — (Pyg+ Pig+2Pg)™}

_F v Ly +2l ini Lo+ 2 >
RT | O\ Iy +1+ 1 Lyt 16+l

in out
+ V ]30 _ 130
0 128+130 128+130

Z 2T nug \STERUBBALIAFEE L 72 BO D EILEL, ¢+ I3BFR,

VET 3 HZORBERE, REXEERTH 5, nk
VI NZIULER | D' E B R INETHEL 7
AX VERMBTDH 5. P°(=1.01325%10°Pa) IFIEHEKRKITE
Thod. V, Vo BEV Vo 3HADEFE, CO& KT
CONADHERTD D, FHRAFE in BKU out IFFEA A
Ak KUY H A& FKT,

KR T, KIGOFAES (1=0) DRENEETH 5,
LarL, HABATF 12— TNORGEH AD -0, BES
stk B4+ VEREOZENIE P0FLCo, # 2D AR
BOM 10 BICBBlEh/iz, 22T, BELHBICHEE
BKBHWIICR K TH 5 2 & 6 IIGHIRES (1=0) &2 3tE
U 7B R DR E OZL L i L 7=,

Fig. 3IZ 1773KIZ 81 B CO,-COH A (P /Pep=1) & &
Rl FeO,~Ca0 & DR RIBHRE 2785, TXTORE

343 I



I 344

$#% &4 Tetsu-to-Hagané Vol. 93 (2007) No. 5

2B 0T, BRI ISHEE TR & 0 %20/ <
S L, ZORKIESETTAIZLEN->TOER
MU U7 RIE (1), (2) DL RKIEE IZREDIE
BHER LA IZ R L C—ETH 508, waEtsho o
REO EFIZEOBRIGHEE KGO 0 L EHT 3
LEZOND, RIGEEDOENZ, RIDOFHEEERE 2 KIS
VI COBERMBLMER BT 2BBOMBNE» S, 7
D%, B4 4 v ORIED O IEMEELASB N OWEFE

BICEDLDZEAERL TS, FeO-CaO RIZH T HEHR
SRR 1 FeO, IZIERTRZF VAN, CaO Jif O o

R ISR X s 5 T

Fig. 412 1773KI2 %1 % CO,~CO A & (Poo/Peo=1) L 1&
il FeO -Si0, & DI RATHR IS RIE & /RT . KILHEE 23/)
X< mBIZL ﬁiofiﬁﬂi@@ﬁée YL PV EFSTiSINPN
EL 5578, stEFERICZE2ERR O, TXT
@Miﬁ%iF@—@Oﬁkﬂ% L RIS I R I
TE oL dKEL, RIBPHETT S }: NS e o7,
LAaL, &E*Fdzwﬁm%@swx% DI B
DRTNELAED, FeOCa0 R &L %, Table 2125
o U SO (3 T 7ot B

(=}

Q

S

3

£

g i

X v

~ A

o a4 .

= A A .

= ,:g A‘ mass% SIO:

g ol Praa 00

= VT a 377

5 o 8.62

’:% A 1332

z FeO slo 1773K, co ,/CO= 1

© 0.01 L
o 100 200 300 400

Time, 7 (s)

Fig. 4. The oxygen exchange reaction rates for the
FeO —Si0, system at 1773K with CO,/CO=1.0.
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Table 2. The experimental conditions and results.

Reaction gas Sample
Exp. T
No. CONCO Vo, ¥10° Vo x10° (1’2»( + <107 (P Ry) %107 X34/ X2 CaO or SiQ, &

(X) ()  (m/s STP) (m’/s STP) (Pa) (Pa) ) (mass%)  (mm)
0 1773 1.0 2.13 213 7.29 1.81 0.188 C 50
FC-1 1773 091 223 2.46 7.32 2.00 0208  Ca0:411 66
FC2 1773 1.0 2.15 2.15 7.29 1.81 0.256 8.66 6.3
FC-3 1773 1.0 2.15 2.15 7.29 1.81 0.265 12.23 57
FC-4 1773 1.0 2.17 217 7.20 1.78 0.380 19.64 49
FS-1 1773 098  2.10 2.13 7.14 1.80 0231 Si0:377 47
FS-2 1773 1.0 2.08 2.05 7.14 1.74 0.165 8.62 5.0
FS-3 1773 099 2.1 2.15 7.16 1.80 0.238 13.32 47

*1P+P =P
2

P

co,

€O,

and P('( )

x(0.0771x0.5+0.0018) and Py + Pl = Pl .

are calculated by flowrates of ingoing gases.
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Table 3. The fitted results with experimental data and calculation of kinetic parameters.

Parameters of Eq. (19)

Calculated reaction rate constants

}z(: Cyx 19“ G A fll 0’ —_All Ax 170" VJIAX10°  kyx ! 0’ kx10" k<10
(mol/s) (-) (s7) (s) (m”) (m) (mol/m=s-Pa)  (m/s-Pa) (m/s)
F-0 7.65 0.621 123 0315 | 3.06  3.06 3.43 4.39 113
FC-1 | 847 0671 147 0193 | 356  2.03 3.25 2.75 0.985
FC-2 | 796 0.800  1.87  0.158 | 347 220 3.15 3.68 2.16
FC-3 | 777 0.691 143 0176 | 328  2.58 3.25 3.77 1.31
FC-4 | 815 0.645 123 0.149 | 3.03 3.4 3.73 4.22 1.19
FS-1 8.07 0579 157 0236 | 298  3.29 3.80 5.70 1.29
FS-2 | 7.99 0335 174 0127 | 3.06  3.06 3.65 15.0 1.05
FS-3 8.05 0221 356 0183 | 298 329 378 58.3 2.16
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Fig. 5. An example of the surface of molten oxides (Exp.
No.: F-0).
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